Purpose The purpose of the study is to identify chronic condition clusters at pre-and post-cancer diagnosis, evaluate predictors of developing clusters post-cancer, and examine the impact on functional impairment among older cancer survivors. Methods We identified 5991 survivors age 65 and older of prostate, breast, colorectal, lung, bladder, kidney, head and neck, and gynecologic cancer and non-Hodgkin lymphoma from the Surveillance, Epidemiology and End ResultsMedicare Health Outcomes Survey resource. Survivors completed surveys pre-and post-cancer diagnosis on 13 chronic conditions and functional status. Among those with ≥2 conditions, exploratory factor analysis identified clusters of conditions. Differences in cluster frequency from pre-to postcancer diagnosis were evaluated across the top five cancer types using chi-square tests. Modified Poisson regression models estimated the relative risk of developing clusters post-diagnosis. Chi-square tests evaluated associations between function and clusters.
Introduction
Over half of cancer survivors 65+ years old have at least one chronic condition and almost one quarter have ≥4 conditions [1] . Multimorbidity, defined as the presence of more than one clinical condition of equal importance to a patient's quality of life [2] , increases the likelihood of mortality in older cancer patients [3] . Multimorbidity increases the complexity of clinical decision-making in cancer survivors [4] [5] [6] [7] .
Specific chronic conditions may cluster based on shared pathogenesis, such as cardiovascular disease and metabolic Electronic supplementary material The online version of this article (doi:10.1007/s11764-016-0553-4) contains supplementary material, which is available to authorized users.
disorders [8] . Multimorbidity clusters may be different before and after a cancer diagnosis due to the impact of cancer and treatment, or may differ by cancer diagnosis [9] . Clusters may be associated with particular outcomes: for example, cardiorespiratory conditions may be associated with higher levels of pain and shortness of breath [10] , while musculoskeletal conditions may have greater functional limitations; however, the previously used comorbidity index scores may mask this difference. The majority of evidence on chronic conditions in cancer survivorship has been demonstrated in the long-term survivors of childhood cancer [11] [12] [13] . There is limited evidence in the aging population on the occurrence of specific clusters, whether the clusters are different pre-and post-cancer diagnosis, and if specific clusters are associated with functional impairment.
Many older survivors suffer from multimorbidity in a health care system currently designed for treating single diseases, resulting in complicated long-term treatment recommendations, or situations where no recommendations exist [14, 15] . Our objective was to examine clusters pre-and post-cancer diagnosis and the association of these clusters with functional limitations in a population-based sample of older cancer patients. We hypothesized that multiple clusters would be observed before and after cancer diagnosis and that different clusters would have varying impacts on functional outcomes. The Surveillance, Epidemiology and End Results (SEER) national database of cancer registries linked with the Medicare Health Outcomes Survey (MHOS) provided a rich database to achieve our objective.
Methods

Data source
The SEER-MHOS data set includes cancer registry information linked with patient-reported surveys from a nationwide sample of individuals 65 years old or older who are enrolled in Medicare Advantage organizations [16] . MHOS collects survey data on comorbidities, symptoms, functional outcomes, and quality of life [17] . Currently, 14 annual survey cohorts from 1998 to 2013 are available for analysis. Individuals enrolled in participating Medicare Advantage organizations are randomly sampled by health plans, administered the survey by mail (>80 %) or telephone (∼20 %), and are then resurveyed 2 years later [16] .
Of the 14 cohorts of data, we obtained data for nine of the most frequent cancer diagnoses (or diagnosis groups) in the USA, including breast, colorectal, prostate, lung, bladder, kidney, gynecologic, head and neck cancers, and non-Hodgkin lymphoma. We selected individuals who had completed a survey prior to a cancer diagnosis (median 12 months) and completed a survey post-cancer diagnosis (median 13 months). Of the 6233 with pre-and post-cancer surveys, we excluded 242 individuals diagnosed <65, leaving a final sample size of 5991.
Measures
Cancer, stage, and treatment The SEER registry provides cancer type, stage at diagnosis, diagnosis date, and preliminary treatment information. We used the summary stage (2000) variable, derived from Collaborative Stage for 2004+ and Extent of Disease from 1998 to 2003 with the categories: in situ, localized, regional, distant, and unknown. Preliminary treatment information is reported in SEER on whether radiation or surgery were received.
Comorbidities Comorbidities were measured via self-report from the question stem Bhas a doctor ever told that you had…ŵ ith response options of yes/no [7] . Comorbidities asked across all 14 cohorts of survey data were selected for this study. These included high blood pressure (HBP), angina/coronary artery disease (CAD), congestive heart failure (CHF), myocardial infarction (MI), other heart condition, stroke, diabetes, arthritis of the hip/knee, arthritis of the hand/wrist, sciatica, pulmonary conditions (emphysema, asthma, chronic obstructive pulmonary disease [COPD]), and gastrointestinal (GI) conditions (Crohn's disease, ulcerative colitis, or inflammatory bowel disease). The algorithm for major depressive disorder risk (MDDr) includes two methods that can result in a positive screen for MDDr [18, 19] . The first method required a response of Byes^to BIn the past year, have you had 2 weeks or more during which you felt, sad, blue, or depressed; or when you lost interest or pleasure in that you usually cared about or enjoyed?T he second method requires a response of Byes^to (1) feeling depressed or sad much of the time in the past 2 years and (2) having ≥2 years in life when feeling depressed or sad on most days, in addition to feeling downhearted/blue in the past 4 weeks at least Bsome of the time.^Either method classified a survivor as having MDDr.
Functional status (ADLs) Functional limitations were assessed using an activity of daily living (ADL) index. The six items adapted from the Katz ADL [20] scale asked respondents how much difficulty they had doing six activities (no difficulty; a little difficulty; a lot of difficulty). A score of 6 indicates functional independence, 3-4 indicates moderate impairment, and ≤2 indicates significant impairment [20] .
Demographic characteristics The SEER registry links cases to the poverty level of the census tract where patients lived at the time of cancer diagnosis, thus providing a measure of poverty. Poverty levels were defined at 0-<5 % (includes those not in poverty), 5-<10 %, 10-<20 %, and 20-100 % below poverty. Race/ethnicity was derived using a variable that combined SEER-filled race information, CMS enrollment database, and self-reported race. Categories included nonHispanic White, non-Hispanic Black, Asian or Pacific Islander, and other. Education was self-reported as <high school, high school graduate, some college, and college or higher.
Analysis
To identify clusters, we restricted the analysis to participants with ≥2 conditions and conducted an exploratory factor analysis (EFA) at pre-and post-cancer diagnosis. A tetrachoric correlation matrix was used to account for the dichotomous items [21] along with oblique (geomin) rotation with weighted least squares mean estimator. Factors were derived using the following criteria: eigenvalues (screen plot, eigenvalues >1), root mean square residual (<0.05), root mean square error of approximation (RMSEA; <0.06), and qualitatively assessing factors for conceptual relevance [22] . Items with a factor loading ≤0.20 were excluded from a factor. Priority was given to eigenvalues, RMSEA, and conceptual relevance. EFA procedures were conducted using MPlus version 7 [23] .
The frequency of survivors in each cluster was determined by requiring that survivors report the majority of conditions within a cluster. For example, survivors needed to have ≥3 out of 5 conditions for a 5-condition cluster, ≥2 out of 3 conditions for a 3-condition cluster, or both conditions for a 2-condition cluster. An additional category of multiple conditions was created to account for survivors who had ≥2 conditions but did not meet any defined cluster criteria. Survivors could potentially have multiple clusters.
Cluster frequencies and chi-square tests were used to evaluate pre-and post-cancer diagnoses in the overall sample and for the five most prevalent cancer types: prostate (29.1 %), breast (22.5 %), colorectal cancer (15.1 %), genitourinary (10.7 %), and lung (9.9 %). Among those survivors without pre-cancer diagnosis clusters, we estimated the relative risk (RR) and 95 % confidence intervals (CIs) of developing specific clusters after cancer diagnosis using modified Poisson regression models adjusted for demographic and clinical characteristics. Finally, we used chi-square tests to examine the presence of functional limitations across clusters at pre-and post-cancer diagnosis.
Results
Study population
The average age at cancer diagnosis was 75 years (range 65-103). The mean age at pre-cancer and post-cancer survey completion was 74 and 77.7 years, respectively ( Table 1 ). The majority of survivors were non-Hispanic White (79 %). Approximately 67 and 70 % of survivors reported ≥2 comorbidities before and after cancer diagnosis, respectively. Supplementary Table 1 provides frequencies of individual comorbidity.
EFA results
The EFA yielded four clusters at both prediagnosis and post-diagnosis. The full factor loadings and factor structure are shown in Supplementary Tables 2 and 3. The factor structure indicates that CVD cluster was comprised of MI, angina, CHF, other heart conditions, and stroke. The musculoskeletal cluster was comprised of arthritis of hip/knee, arthritis of hand/wrist, and sciatica. The metabolic cluster was comprised of diabetes and HBP. Finally, MDDr, pulmonary, and GI conditions (MDDr + GI + pulmonary) clustered together. In the pre-cancer diagnosis survey, the four-cluster model demonstrated satisfactory fit with CFI/TLI = 0.98/0.95 and RMSEA = 0.026. The same structure emerged for post-cancer diagnosis EFA (CFI/TLI = 0.98/0.95, RMSEA = 0.027).
Cluster frequency Overall, 41.7 % of the patients reported one or more clusters prior to cancer diagnosis; the proportion of patients with one or more clusters increased to 46.2 % after cancer diagnosis. Table 2 shows that, overall, the musculoskeletal cluster was most frequently reported (28 and 29 % of cancer survivors at pre-and post-diagnosis, respectively), followed by metabolic (15 and 17 %, respectively), CVD (6.1 and 7.6 %, respectively), and MDDr + GI + pulmonary (5. Factors associated with post-cancer diagnosis cluster development Entire cohort Overall, 2.7, 1.6, and 2.9 % of survivors reported the development of new metabolic, CVD, and MDDr + GI + pulmonary cluster after cancer diagnosis, respectively. Factors associated with all three new clusters included increasing age (RR = 1.02-1.07) and less than a high school Table 2 Chronic condition cluster prevalence overall and by top 5 cancer types All (n = 5991) Prostate (n = 1741) Breast (n = 1345) Genitourinary (n = 646) Lung (n = 593) Prostate cancer Approximately 4 % reported new development of the musculoskeletal cluster and 2.5 % reported the MDDr + GI + pulmonary cluster after prostate cancer diagnosis. Table 3 shows age was associated with new musculoskeletal cluster development (RR = 1.08, 95 % CI 1.06, 1.10).
Factors associated with new MDDr + GI + pulmonary cluster included age, less than high school education, and >5 % below poverty level.
Colorectal cancer There was a 2.9 % increase in the proportion of survivors reporting MDDr + GI + pulmonary cluster after colorectal cancer diagnosis. No sociodemographic or clinical characteristics included in the model were associated with increased risk.
Breast cancer Approximately 5 % of survivors reported development of new metabolic cluster after diagnosis. Minorities were at significantly increased risk of developing new metabolic cluster (RR = 1.74, 95 % CI 1.09, 2.79).
Lung cancer A total of 5.1 and 8.4 % of survivors reported development of new metabolic and MMDr + GI + pulmonary cluster. No sociodemographic or clinical characteristics included in the model were associated with increased risk.
Functional impairment frequency The frequency of reporting at least moderate functional impairment was highest among the MDDr + GI + pulmonary condition cluster across cancer types with the exception of breast cancer, where the CVD cluster had the most functional impairment (Table 4) . Other than survivors with ≤1 conditions, those with Bunclustered^conditions reported lowest functional impairment. Over half of the survivors with ≥2 clusters (52 %) and MDDr + GI + pulmonary condition cluster (56 %) met the criteria for functional impairment at pre-diagnosis. Table 4 Pre-and post-cancer diagnosis functional limitation prevalence overall and by top 5 cancer types Genitourinary (n = 646) Lung (n = 593) 
Discussion
Over two thirds of older cancer survivors within this sample of Medicare Advantage beneficiaries reported ≥2 comorbidities pre-and post-cancer diagnosis. This study identified the cooccurrence of specific conditions both before and after cancer diagnosis. We identified several condition clusters, including a CVD cluster, musculoskeletal cluster, metabolic dyad, and a cluster of MDDr + GI + pulmonary conditions. Increases in cluster frequency from pre-to post-cancer diagnosis differed across cancer types. Survivors within clustered conditions had significantly higher frequency of functional impairment compared to those with Bun-clustered^multimorbidity or with ≤1 condition.
The clusters identified through our data were generally consistent with our hypotheses and with clusters reported in other studies conducted among similarly aged non-cancer population [24] . Cardiovascular, metabolic, and musculoskeletal condition clusters are among the primary groups that have previously been identified in other studies. Our EFA found that diabetes and HBP exist as an independent dyad [25] ; this differs from several studies reporting that these conditions clustered with other CVD diseases in the general population [26] . Our study also identified a fourth cluster that was comprised of three seemingly unrelated disease combinations: GI, pulmonary conditions, and MDDr. This may follow the trend of the Bmental health problems cluster^summarized by PradoTorres and colleagues in their systematic review [24] . For example, several studies in the review reported that conditions such as anxiety, asthma/COPD, depression, and intestinal diverticulitis, among others, were all within a single cluster [27, 28] . Survivors with one or both of these conditions may have an increased depression risk, thus creating this Bheterogeneous^cluster in terms of pathophysiologic relationship.
As might be expected for colorectal and lung cancer survivors, MDDr + GI + pulmonary conditions increased from preto post-diagnosis. However, MDDr + GI + pulmonary conditions also increased for prostate cancer survivors. Consistent with reports of high risk of metabolic syndrome in breast cancer survivors [29] , we found a significant 4 % increase in frequency of having both diabetes and HBP. Given that the surveys were delivered in relatively close timing (on average within 2 years), cluster increases may not necessarily be attributable to aging. Further study on clinical and biological factors that contribute to the increase of multimorbidity, especially clusters, is needed.
Multimorbidity among the older population has multiple health-status implications, especially in functional outcomes. Interestingly, those with ≥2 clusters did not have the highest functional impairment frequency. The high frequency of limitations within the MDDr + GI + pulmonary cluster is suggestive of the impact of these condition combinations in older survivors. Given that multimorbid adults report that maintaining independence, and thus their functional capabilities, ranks number one on their priority list, followed by pain/symptom relief, and then survival, identifying high-risk clusters for preemptive functional assessments and intervention may provide a targeted approach to preventing further decline [30] .
However, despite the association between chronic health condition clusters and functional limitation, almost all of the limited number of interventions for multimorbid patients are designed for primary care or community settings for the general population of older adults and not cancer survivors [31] . Tailoring or developing interventions for an older cancerspecific population with multimorbidity must include integration of available evidence on the interaction between cancer, its treatments, and other conditions; how conditions may contribute to polypharmacy; the effect on survival estimates; and how this information affects patient preferences for care [2] . Our study suggests considerations of multimorbidity should include not only which conditions are present or how many but also in which combinations they occur.
Findings are subject to several limitations. First, the MHOS is not a cancer-specific instrument and thus does not include certain symptoms or conditions that are relevant for cancer patients (e.g., fatigue). Second, there are inherent limitations to Bdefining^whether a survivor does or does not qualify as having a cluster of conditions. Requiring that survivors have the majority, or both, of the conditions is the first step to examining a highly complex problem. Validation of the clusters in another cancer sample will also be required. Third, the data do not include Medicare Fee-for-Service beneficiaries who account for most of the Medicare population [16] and tend to report lower quality of life [32] . Fourth, the treatment data are limited to the first course of therapy data (surgery, radiation) from SEER and chemotherapy data is not reliable. Finally, we did not have data from a non-cancer population; therefore, we were unable to compare cancer vs. non-cancer. However, given that one in three individuals >65 years old will be diagnosed with cancer, a Bwithin-cancer^population comparison holds significant value.
Multimorbidity clusters were prevalent within the vulnerable older cancer survivor population. Functional impairment was substantial across clusters and imposed an additional burden compared to having ≥2 conditions that were un-clustered. As survivors advance further from diagnosis, treating and/or managing multiple chronic conditions will be critical to maintain functional status and quality of life [33] . Multidisciplinary approaches, including oncologists, geriatricians, social workers, pharmacists, and physical therapists, among others, will be required to provide optimal comprehensive care for older cancer survivors living with multimorbidity [2] .
